Introduction
Collaborative work through virtual teams so as to undertake a common group project is a significant mode of collaboration in online learning. This kind of collaboration requires efficient communication and sharing of information between group members. P2P technologies can potentially foster more support for collaboration than centralized approaches as group members can interact directly with their peers in order to provide additional scaffolding or social support.
Awareness is a vital aspect of collaborative systems, and refers to knowledge provided by the system to group members about what other group members are doing at present same time and what they did in the past [9] . Since collaboration usually takes place throughout the lifespan of a project, the temporal dimension is also very important. For example, the time needed for completion of group tasks can be decreased by enabling faster information and knowledge transfer between group members. Additional requirements arise from the spatial and temporal distribution of group members, which imply that group collaboration requires decentralization of both data and control information.
Awareness systems for online collaborative work have been proposed since in early stages of Web technology [28] , [2] , [26] . More recently, research has focussed on using new paradigms, such as P2P systems [6] , [4] , [7] , to achieve fully decentralized, ubiquitous groupware systems and awareness in such systems [5] , [21] , [20] , [11] , [13] , [12] , [10] , [14] , [16] , [24] , [3] . The use of Service-Oriented Architecture, and specifically OSGi technology, has also been recently explored for supporting P2P group collaboration of mobile peers [8] . However, to date, service-oriented approaches have shown useful for publish/subscribe models of awareness but have not supported a full-featured awareness model.
Several challenges arise in developing groupware and awareness mechanisms in fully decentralized P2P systems:
• it is more difficult to achieve a consistent view of the groupware global state from the local states of the group members; • P2P systems are primarily aimed at supporting explicit peer-to-peer communication, while group collaboration requires many-to-many communication;
• issues inherent to P2P systems such as their dynamicity and heterogeneity need to be dealt with. The awareness functionality needs to provide appropriate mechanisms, such as propagation and replication of information, to ensure provision of awareness as peers leave and join the system. Data representation within the P2P middleware needs to allow encoding of the applicationspecific information required to support the awareness functionality e.g. information about group members, resources, activities and processes, the project workflow, etc. Lightweight mechanisms are essential for mobile peers with limited computational resources. Coarsegrained information presentation (overviews and summaries) is also necessary to allow adaptation to a peer's computational resources for resource constrained devices.
• P2P systems are pervasive and ubiquitous in nature, thus requiring contextualized awareness. In many situations, the chronological representation of a temporal stream of events is not sufficient and event transformation may also be necessary. This may involve extension of the event information with other related contextual information, or composition of events to yield new more complex events. Awareness information should be available at different levels of granularity, ranging from overviews to fully detailed reports. For instance, for a latecomer to the group it is more useful to receive overviews and summaries on group activities to date rather than full reports. Awareness mechanisms in P2P systems have generally been implemented as part of applications, thus having the limitation of being application dependent. There has been little research in endowing P2P collaborative systems with generic, application-and platform-independent awareness mechanisms. Moreover, the focus has been on providing information about individuals' activities (e.g. in the form of simple notifications) rather than on supporting group processes so as to accomplish a common group project.
To this end we are exploring the provision of servicebased group awareness capabilities within the P2P middleware on top of which groupware applications can be developed [27] . Also, unlike existing approaches that provide awareness information directly from streams of events, we are proposing event transformation capabilities to achieve presentation of information in different formats, tailored to group members' needs and to their computational resources.
The provision of service-based group awareness capabilities in P2P systems is a setting that represents a convergence of pervasive computing (since network peers may be mobile as well as fixed), social media (since groupware is founded on synchronous and asynchronous communication between peers), and the semantic web (using languages such as RDF/S to represent and reason with the diverse range of information required by the P2P middleware and the awareness services).
We next discuss some major types of group awareness. Our computational model for supporting group awareness is described in Section 4. In Section 5 we discuss how the proposed model can support an important type of online learning, namely distributed scenario-based learning. Scenario-based learning is one of the ways of achieving learning goals by putting the students in a real learning context [1] that requires acquiring knowledge and practical skills to accomplish the learning goals. In the distributed case, the members of an online team of students can create learning scenarios corresponding to common task projects arising in online learning. The awareness appears to be very important during the collaboration process in which students can define, assign and track the status of a set of tasks within a learning scenario in the distributed P2P environment. We briefly exemplify the use of awareness for supporting the distributed scenario-based learning in a real context, namely, that of the Open University of Catalonia [17] . We conclude in Section 7.
Pedagogical Setting and Requirements
Our pedagogical setting is that of online Project-Based Learning and the specific case of Scenario-Based learning in P2P distributed environments. Project-Based Learning (PBL) [29] is one important mode of online collaborative learning. In PBL, learning is seen as a process-oriented activity through which learners build their knowledge by solving problems, accomplishing tasks and projects. PBL has been successfully implemented in face-to-face learning in many universities as an alternative to teacher-centric and traditional "blackboard teaching".
The pedagogical foundations of this collaborative learning paradigm rely on the following principles:
Social interactions. Establishing relationships with other participants and with the group as a whole. Interaction is a cornerstone of PBL, and interaction analysis can be based on the capture of information relating to "who, where, what and how" events.
Collaborative work. The project's objectives cannot be accomplished by individual participants alone. The perspective is a social-constructivist one, in which individual construction of knowledge is continually integrated with other learners' knowledge.
Critical reflection, analysis of own and others' work. Project work follows a life-cycle, an iterative process, which requires critical thinking and analysis of work accomplished in previous steps and use of this as a basis for planning the next steps.
Negotiation. The nature of the project, its conception as a set of tasks to be assigned amongst group members, the requirements for different skills, and the ongoing execution of the project over time require continuous negotiation. Similarly, the use of resources requires negotiation among group members.
Sharing. Group members need to share ideas and resources such as documents, in order to advance with the project's objectives. In an online learning setting, the objective is to build a shared distributed collaborative environment.
Scaffolding. The main premise of collaborative work is that learning objectives are primarily group objectives, which in turn translate into individual learning outcomes.
Therefore, participants need to support other members of the group, and teachers need to be available to support the group as whole. Within the PBL model, another simpler learning model, that of Scenario-Based Learning (SBL) has been proposed and implemented for online collaborative learning [22] , [23] . In SBL, students are given a real learning context that requires acquiring and applying knowledge and practice skills in order to forge a path through to completion of a learning activity. While PBL encompasses generally many tasks and is to be completed over a relatively long timeframe, SBL comprises a small number of tasks and is to be completed within a much shorter period. The learning context is very important in SBL; and SBL can be viewed as a particular case of PBL by considering the context to be that of the project. PBL and SBL have been implemented not only in traditional face-to-face and distance teaching but also in online university curricula. The Open University of Catalonia is an example where distributed PBL and SBL are used to achieve learning goals. Many modules are designed as PBL and use SBL for achieving particular learning goals. One such module is Software Development Techniques, which is part of Software Engineering degree programme at OUC. In this module, the students begin by forming themselves into groups and then engage in the development of a specified distributed software development project. During the course of the project, the accomplishment of many of the project tasks is through SBL. Examples of such SBL scenarios include the following:
• Undertaking critical analysis of alternative software development techniques and technologies to be used in the software development project.
• Deciding on the selection of the design approach and the architectural model. • Configuring the software development tools to be used for the project (e.g. Eclipse).
• Implementing the different components of the software system being developed and carrying out unit testing.
• Integrating the different components of the system, and carrying out integration testing and regression testing. " Configuration of the software developed.
• Software quality assessment of the software.
• Deployment of the system developed in a real networking infrastructure. In the Software Development Techniques module, students are given at the outset technical manuals describing how to program certain components of the system and how to set up the software development environment and the software deployment environment. However, experience in delivering this module over several years has shown that in most cases students prefer to ask other members of the group for technical help whenever they run into trouble rather than consulting the manuals. While this preference is observed in both web-based and P2P settings, in the latter case, most likely due to the direct communication that is possible between group members, students make more use of this kind of interaction mechanism. We thus argue for the suitability of P2P systems in SBL settings where the learning scenarios consist of interactive tasks and actions in which group members can obtain very fast feedback from their peers. Group members can establish direct connections with their peers and can complete tasks that require communication and interaction effort (as opposed to tasks that require individual cognitive effort).
Types of Group Awareness
We summarize below some major types of group awareness (see also [9] , [28] in the context of web-based groupware), which are supported by the proposed computational model.
Activity awareness
This type of awareness aims to provide information about progress on the accomplishment of project tasks by individuals and the group as a whole. It aims to provide information about progress on the accomplishment of project tasks by individuals and the group as a whole. It comprises knowing about actions taken by members of the group according to the project schedule, and synchronisation of activities with the project schedule. It enables group members to know about recent and past actions on the project's work by the group. As part of activity awareness, we also consider information relating to group artefacts such as documents, and actions upon these (uploads, downloads, modifications, viewing). As well as its direct link to monitoring a group's progress on the work relating to a project, activity awareness also aims to support group communication and coordination processes.
Process awareness
In project-based work, a project typically requires the enactment of a workflow. The workflow comprises a set of tasks and precedence relationships relating to their order of completion. Process awareness tracks the state of the project workflow, providing group members with a partial view (what they are each doing individually) and a complete view (what they are doing as a group). It enables the identification of past, current and next states of the project workflow in order to move the collaboration process forward.
Communication awareness
This kind of awareness relates to message exchange, and synchronous and asynchronous discussion forums. It supports awareness of P2P communication (a peer can establish a direct communication with another peer), awareness of the creation and lifetime of discussion forums (so that other peers can be aware of, and eventually join, these), and awareness of new messages posted in the discussion forum, replies, etc.
Context awareness
This form of awareness refers to information about the time, location and environment in which group members perform actions, and to the profiles of group members and of the group as a whole. In our setting of project work, context awareness also encompasses information on group members' actions relating to their tasks on the project. In a networked environment, other features are also relevant to context awareness such as network connectivity, communication costs and bandwidth, and the social situation of members. The latter includes emotional awareness, aiming to provide computational support in recognizing and representing members' emotional states.
Availability awareness
This type of awareness provides group members with information about members' and resources' availability. The former is necessary for establishing synchronous collaboration while the later is useful for supporting members' tasks requiring specific resources. Availability awareness encompasses knowing who is available at what time (via members' profiles, which include personal calendars), and what resources are available at what time (via scheduling information about resources' usage).
Our Event-based Awareness Model in P2P Groupware Systems
We propose an RDF-based superpeer network model [15] , [25] , [18] for supporting group awareness in P2P groupware systems. In this model, the network consists of several peergroups. The peers of each peergroup are connected to a single superpeer. There is frequent local communication between peers within a peergroup, and less frequent global communication between superpeers. Superpeers serve as coordinators of the overall network while other peers represent group members at the network "edge" -superpeers will typically be fixed networked computers while peers may be fixed or mobile more resource-constrained devices.
Peergroups form in order to undertake group projects -thus peers may join or leave a peergroup at any time. Information about the groups processes is distributed and replicated at all peers of the peergroup. This enables efficiency due to local access to data and support of failures e.g. when peers leave or are temporarily disconnected. Peers' operations and control information is forwarded to their superpeer which manages the replication and consistency of information within the peergroup. Our model aims to support both stand-alone mobile peers and mobile peers that are attached to other fixed peers through lightweight mechanisms and summary services (see [27] for details).
All peers (and supeerpeers) have query, storage and update capabilities over their local data, which is represented using RDF/S. Each peer and superpeer hosts a fragment of an overall global RDFS schema, and its local RDF data conforms to this fragment. Each superpeer's RDFS schema is a superset of its peergroup's individual RDFS schemas. Each superpeer defines access privileges over the classes and properties in its RDFS schema. More fine-grained access privileges are also possible on specific RDF resources and properties. These facilities allow a superpeer to specify which data can be shared with other superpeers, outside the peergroup (within the peergroup all data is shared and replicated).
Each superpeer has Event-Condition-Action (ECA) rule processing capabilities. ECA rules hosted at the superpeer can be used to: 1) achieve replication and consistency of distributed group data and processes; 2) automate the generation and propagation of global overviews and summaries from detailed information and local summaries received from individual peers; 3) automate the receipt of awareness information by peers according to their current status, status of the project they are participating in, their preferences, and their context; this may be activity, process, communication, context, and availability awareness information, as discussed earlier; and it can be received in both "passive" and "active" mode (with the former awareness information is delivered to group members without requiring any specific actions on their part, while with the latter it requires group members to undertake specific actions to request awareness information). Updates initiated at a peer site, affecting the peer's local data, are first executed locally and are then notified to the superpeer. The superpeer then decides whether the update operation triggers an ECA rule (or rules) causing the stated rule actions to be propagated to other peers in the peergroup (this is the P2P ECA rule execution model proposed in [18] and explored further in [19] ).
Awareness Support to Distributed Scenariobased Learning
We consider here how group awareness can support an important type of learning, namely the scenario-based learning (SBL). In our context of PBL, a learning scenario is defined as a set of tasks, forming a subgraph within the project workflow. In a distributed P2P environment, the set of tasks should:
(a) be formally defined as a learning activity; for example, in the domain of software engineering, as a set of tasks contributing towards a group software development project; (b) be assigned to members of the group; (c) be coordinated in order to maintain the project timeline and inter-task dependencies; (d) have the peer resources that are needed for task accomplishment be made available by individual group members and managed by the system; (e) be tracked and monitored by the system so as to have knowledge of the status of the tasks; and (f) have the status of each task updated as appropriate, moving through different states such as "pending assignment", "assigned", "in progress", "delayed", "awaiting for another task completion", "completed" etc. Our proposed awareness model can effectively support aspects (a)-(f) above. Aspects (a), (b) and (f) are supported by activity awareness. The group superpeer has knowledge of the group members, project tasks, project workflow, and the responsibilities assigned to each group member. Aspects (c) and (e) are supported by process awareness and communication awareness. Peers notify the superpeer regarding their status and their progress on individual tasks. Such information can be propagated (via appropriate ECA rules) by the superpeer to all peers. Superpeers can also generate as necessary overviews and summaries from the information being sent to them by peers, and can propagate this to individuals (again via appropriate ECA rules). Aspect (d) is supported by availability awareness: peers notify the superpeer regarding their resource requirements and the availability of their resources. The superpeer dynamically manages resource allocation and scheduling, and this information is dynamically propagated to all peers.
SBL can be seen also as context-based learning by placing the set of tasks of the scenario within their context (time, workspace, member, ...) and can thus be further supported by context awareness. Finally, many studies in CSCL have shown that learning scenarios are effective learning methods for motivating learners and this can be supported by emotional awareness within our model.
The Open University of Catalonia [17] is a concrete example of online collaborative learning where distributed scenario-based learning is used to achieve learning goals. Many subjects are designed as PBL and use SBL for achieving particular learning goals. For instance, a group of students assigned a software development project use SBL for developing and integrating the different components of their software application.
Computational Model
We now present our computational model for supporting the requirements relating to the support of group awareness in P2P groupware systems. Specifically, we propose an RDFbased superpeer network model c.f. [15] , [18] . In this model, the network consists of several peergroups. The peers of each peergroup are connected to a single superpeer -see Fig. 1 . There is frequent local communication between peers within a peergroup, and less frequent global communication between superpeers. Superpeers serve as coordinators of the overall network while other peers represent group members at the network 'edge'. Superpeers will typically be fixed networked computers while peers may be fixed computers or mobile, more resource-constrained, devices.
Peergroups form in order to undertake group projects, and peers may join or leave a peergroup at any time. Information about the group's processes and task accomplishment according to the project workflow is distributed and replicated at some or all of the peers of the peergroup (the distribution is transparent to group members). Peers' operations and control information is communicated by them to their superpeer. The superpeer is responsible for managing the replication and consistency of information within the peergroup as a whole (replication will occur only within the peergroup as we consider disjoint peergroups).
Replication is commonplace in P2P systems, and one of its main objectives is to ensure availability of information (typically files) under highly dynamic network conditions. However, a common assumption is that these files are static, that is, they are not updated over time (or, if they do change, then new versions of them are uploaded by peers). In our learning setting of a group of peers who are collaborating on a project, they share documents among themselves and these documents can change; thus issues of availability, consistency and scalability arise. In order to increase availability, replication can be employed. Different group members may edit the same document and their updates need to be propagated and applied to all the replicas to ensure consistency; such consistency needs to be provided under the dynamics of the P2P system, which implies that some updates could take place later (as a peer might have left or be temporarily disconnected at a time when document updates are occurring). Finally, peers should be aware of the changes that have occurred on documents that they hold.
In our computational model, both full and partial replication are possible. With full replication, each peer of the peergroup holds a replica of all the other peers' documents. This has the advantage that peers can access locally any documents they require, but has the drawback of the overhead caused by needing to propagate updates to documents to all peers in the peergroup (and also the storage overhead incurred). With partial replication, each peer holds a subset of the group's documents, which may change dynamically according to this peer's changing responsibilities and activities. This has the advantage of decreasing communication, update and storage costs, though at increased processing complexity.
One of the objectives of our computational model is to support awareness in groupware systems in P2P networks which may include mobile peers. Our model aims to support both normal, stand-alone mobile peers and mobile peers that are attached to other fixed peers through lightweight mechanisms and summary services. Stand-alone mobile peers are normal peers representing a member of a peergroup and are connected to the peergroup through a proxy. Attached mobile peers are connected to the peergroup via a corresponding fixed peer (see Fig. 2 ).
All peers (and supeerpeers) have query, storage and update capabilities over their local information, which is represented using RDF/S. Each peer and superpeer hosts a fragment of an overall global RDFS schema, and its own local RDF data conforms to this fragment. Each superpeer's RDFS schema is a superset of its peergroup's individual RDFS schemas. Each superpeer defines access privileges over the classes and properties in its RDFS schema. More fine-grained access privileges are also possible on specific RDF resources and properties. These facilities allow a superpeer to specify which information can be shared with other superpeers, outside of its peergroup.
Each superpeer has Event-Condition-Action (ECA) rule processing capabilities, as described in [18] . ECA rules can be defined using appropriate administration services, and hosted at each superpeer in order to: 1) Implement the peergroup's replication policies and consistency requirements; 2) Automate the generation and propagation of global overviews and summaries from detailed information and local summaries received from individual peers; 3) Automate the receipt of awareness information by peers according to their current status, the status of the learning activity they are participating in, their preferences, and their context. In 1), updates initiated at a peer site, affecting the peer's local data, are first executed locally and are then notified to the superpeer. The superpeer then decides whether the update operation triggers an ECA rule (or rules) causing the stated rule actions to be propagated to other peers in the peergroup -this is the P2P ECA rule execution model proposed in [18] and explored further in [19] .
In 3), the awareness information may be activity, process, communication, context, and availability awareness information, as discussed earlier. For supporting activity awareness, peers can notify their superpeer about their ongoing actions according to the tasks assigned to them, and this information can be propagated to the peergroup by the superpeer as necessary. For supporting process awareness, the superpeer can track the state of the project workflow, and can provide partial and complete views of this to the peergroup as necessary.
For communication awareness, peers can exchange messages directly; they can create discussion forums and notify their superpeer of this, which can in turn notify other group members; and they can post messages to discussion forums and notify their superpeer of this, which can in turn notify other group members.
For supporting context awareness, superpeer maintains information about the project workflow, the learners' profiles and the group task assignments, and it is notified by group members of the time, location and environment in which they undertake their project-related actions; it can again propagate this information as necessary to other group members. Similarly, for supporting availability awareness, the superpeer again maintains or can be notified of the relevant information by peers, and can propagate this to other group members. Awareness information can be propagated by the superpeer in "passive" mode to group members without requiring any specific actions on their part, through specification of the appropriate ECA rules. Or it can be delivered in "active" mode by the superpeer in response to explicit requests from group members.
Conclusions and Future Work
In this paper we have discussed the support of awareness in P2P groupware systems. We have focussed particularly on support of groups undertaking common projects in a learning setting, although our approach is also relevant more broadly to teamwork settings in industry, health-care etc. We have argued that provision of service-based group awareness capabilities in P2P systems is a setting that represents a convergence of pervasive computing, social media, and the semantic web. We have discussed how the proposed awareness model can support an important type of online learning, namely distributed scenario-based learning. Future work includes design of the awareness primitive operations and services, and evaluation of how our model can be integrated into existing groupware systems and distributed learning scenarios.
